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(57) ABSTRACT

This specification discloses an automatic calibration method
for the output power of a pickup head for an opfical
information recording apparatus, which avoids laser diode

thermal effects using duty cycle control and obtains the
correct conversion function between the output current of a
front monitor diode and the output power of the pickup head
by curve fitting. This method only needs to measure one set
of front monitor diode output current and output power
conversion function of the pickup head. The same conver-
sion function 1s applicable to all pickup heads of the same
type. The optical information recording apparatus automati-
cally detects the corresponding parameter for the pickup
head. Each optical information recording apparatus can also
automatically detect the specific power control parameters

for each set of power control channel to obtain the optimal
recording characteristics.
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AUTOMATIC CALIBRATION OF THE
OUTPUT POWER OF A PICKUP HEAD FOR
AN OPTICAL INFORMATION RECORDING

APPARATUS

BACKGROUND OF THE PRESENT
INVENTION

1. Field of Invention

The present mvention relates to an automatic calibration
method for the output power of a pickup head for an optical
information recording apparatus. More particularly, 1t relates
to a method that uses curve {itting technology to obtain the
correct conversion function between the output current of a
front monitor diode and the output power of the pickup head,
with which optical information recording apparatuses of the
same type can automatically detect the specific power con-
trol parameters for corresponding pickup heads thereof.

2. Related Art

Currently, the common write strategy for optical infor-
mation recording apparatuses adopts the method of multi-
pulse/multi-level. The write power 1s determined by the
optimal power calibration (OPC).

The OPC 1s to first write data on a small segment of an
optical disc according to the write strategy and the imfor-
mation prerecorded and then to obtain the corresponding
optimal power control parameters, so that the optical infor-
mation recording apparatus can have the optimal recording
characteristics.

The so-called “multi-pulse/multi-level” 1s obtained by
controlling the ON/OFF timing and power level of each
power control channel on the optical information recording,
apparatus. If the characteristics of each power control chan-
nel differ from one another, then the optical information
recording apparatus also has different parameters for each
respective set of power control channel. Besides, since the
characteristics of each laser diode drive and the character-
istic of each pickup head vary, the power control channel
input parameter for different optical mnformation recording
apparatuses will be different from one another too.

To obtain the optimal recording characteristics for every
optical mmformation recording apparatus, the power control
channel of each opftical mmformation recording apparatus
should have corresponding specific power control param-
eters 1n principle. To obtain these specific power control
parameters, the characteristics of each pickup head has to be
calibrated after finishing the optical information recording
apparatus installation. This 1nevitably increases the trouble
in mass-producing optical information recording appara-
fuses.

A conventional method of solving this problem is to select
an average of the relationship between the output power and
the 1mput specific power control parameters from statistical
viewpolnt. Although this cannot ensure that each pickup
head obtains the optimal recording characteristics, the spe-
cific power control parameters thus found 1s not very far
from the optimal one.

SUMMARY OF THE PRESENT INVENTION

To obtain the optimal recording characteristics for every
optical mmformation recording apparatus, each set of power
control channel of each optical information recording appa-
ratus should have corresponding specific power control
parameters 1n principle. To obtain these specific power
control parameters, the characteristics of each pickup head
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has to be calibrated after finishing the optical information
recording apparatus installation.

It 1s a primary object of the present mnvention to provide
an automatic calibration method for the output power of a
pickup head for an optical information recording apparatus,
which prevents the disturbance of individual pickup head
characteristics measurement during the manufacturing pro-
cesses. In particular, 1t enables each optical information
recording apparatus to automatically measure the speciiic
power control parameters of each set of power control
channel so as to obtain the optimal recording characteristics.

The automatic calibration method for the output power of
a pickup head for an optical information recording apparatus
avolds laser diode temperature rising effects using duty
cycle control and obtains the correct conversion function
between the output current of a front monitor diode and the
output power of the pickup head by curve fitting. This
method only needs to measure one set of front monitor diode
output current and output power conversion function of the
pickup head. The same conversion function 1s applicable to
all pickup heads of the same type. The optical information
recording apparatus automatically detects the corresponding
parameter for the pickup head. Each optical information
recording apparatus can also automatically detect the spe-
ciiic power control parameters for each set of power control
channel to obtain the optimal recording characteristicss.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
mafter. However, 1t should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the present invention, are given by
way of 1llustration only, since various changes and modifi-
cations within the spirit and scope of the present mnvention
will become apparent to those skilled in the art from this
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow 1illustration
only, and thus are not limitative of the present invention, and
wherein:

FIG. 1 1s a block diagram showing the structure of a
pickup head for an optical information recording apparatus;

FIG. 2 1s a schematic view of the multi-pulse/multi-level
recording method of an optical storage medium;

FIG. 3 shows the relation between the output current of a
front monitor diode and the output power of the pickup head;

FIG. 4 shows the waves of the laser diode output power;

FIG. 5 1s a flow chart of automatic measuring specific
power control parameters K. according to the present inven-
tion; and

FIG. 6 shows the relation between the output power of the
pickup head and the 1mnput of the optical information record-
Ing apparatus.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

FIG. 1 1s a block diagram showing the structure of a
pickup head for an optical information recording apparatus.
The pickup head comprises a digital-analogue converter
(DAC) 10, a laser diode driving chip 20, a laser diode 30, a

beam splitter 40, a convergent lens 50, a front monitor diode
60 and a PDIC 80.

The laser diode driving chip 20 contains a plurality of
analogue 1nput channels, each of which corresponds to a
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DAC 10 and an enable input. The input values (X, X,, X
of the DAC 10 can control the magnitudes of the laser diode
30 output peak powers (P_, P,, P,). The enable input values
(EN,, EN,, EN,) control the time intervals of the laser diode
30 output peak powers (P, P, P,). The conversion function
from each channel mnput X to the laser output P_ can have a
different weighting. After the laser diode driving chip 20
sums up the enabled channels, the laser diode 30 1s driven
to emit laser. After the beam splitter 40, the laser beam 1s
separated into two parts, one directly radiating on the front
monitor diode 60 while the other radiating on the optical
storage medium 70 after passing through the convergent lens
50. The laser beam reflected from the optical storage
medium 70 finally reaches the PDIC 80 for the optical
information recording apparatus to perform subsequent sig-

nal processing.

Since an optical information recording apparatus 1s com-
posed of many devices, giving the same specific parameter
X for different optical information recording apparatus
pickup head may result in very different output peak power
P_ from the laser diode 30. Thus, for a particular output peak
power, different optical information recording apparatuses
will obtain respective specific power control parameters
according to the conversion properties of each power control
channel. To obtain the optimal recording characteristics for
every optical information recording apparatus, each set of
power control channel of each optical information recording,
apparatus should have a corresponding specific parameter 1n
principle. To obtain these specific power control parameters,
the characteristics of each pickup head has to be calibrated
after finishing the optical information recording apparatus
installation. This mevitably increases the trouble 1n mass-
producing optical information recording apparatuses.

To solve the above trouble, the present invention selects
the average value of the relation curves between a set of
front monitor diode output currents and pickup head output
power, from which the conversion function of such channel
1s obtained. The optical information recording apparatus
automatically detects the specific parameter corresponding
to 1ts pickup head. This then avoids the disturbance of
individually measuring the pickup head characters during
the manufacturing processes. Each optical information
recording apparatus can automatically measure and obtain
the specific parameter for each set of power control channel
so as to have the optimal recording characteristics.

FIG. 2 1s a schematic view of the multi-pulse/multi-level
recording method of an optical storage medium. Currently,
the common write strategy for optical information recording
apparatuses takes the method of multi-pulse/multi-level. The
write power 1s determined by the optimal power calibration
(OPC).

The OPC 1is to first write data on a small segment of an
optical disc according to the information provided by the
optical disc manufacturer and then to obtain the optimal
power control parameter for the pickup head, so that the
pickup head can obtain the optimal power control parameter
therefrom. A numerical value 1s mput into X, and only EN,
1s enabled, the output peak power of the laser diode 30 can
reach P,. Similarly, if a numerical value 1s 1input into X, and
only EN, 1s enabled, the output peak power of the laser
diode 30 can reach P,. If both EN, and EN, are simulta-
neously enabled and the input numerical value at X, sub-
tracts off the nonlinear part, then the output peak power of
the laser diode 30 can reach P,+P,. From FIG. 2, one can see
that (a) i1s the control signal of EN, (b) 1s the control signal
of EN,, and (c) is the wave shape of the laser diode 30 output
peak power P_.
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The automatic calibration method for the output power of
a pickup head for an optical information recording apparatus
avolds thermal effects of laser diode using duty cycle control
and obtains the correct conversion function between the
output current of a front monitor diode and the output power
of the pickup head by curve fitting. This method only needs
to measure one set of front monitor diode output current and
output power conversion function of the pickup head. The
same conversion function 1s applicable to all pickup heads of
the same type. The optical information recording apparatus
automatically detects the corresponding parameter for the
pickup head. Each optical information recording apparatus
can also automatically detect the specific power control
parameters for each set of power control channel to obtain
the optimal recording characteristics. The reason that a front
monitor diode 60 1s taken as the standard for measurements
1s that the characteristics of a single device 1s more consis-
tent and more easily controlled than the whole set of pickup

head.

As shown 1n FIG. 1, replacing the optical storage medium
70 with an optical power meter the laser beam originally
radiating on the optical disc 1s now radiating on the optical
power meter. The optical information recording apparatus
oradually adjusts the input value X, on the DAC 10 and
records the reading P, on the optical power meter and the
output current I, of the front monitor diode 60. When the
optical power meter reads P, the output current of the front
monitor diode 60 1s I.. Accordingly, one can obtain the
relation between the output current of the front monitor
diode and the output power conversion function I.p,(P,) of
the pickup head shown i FIG. 3 by curve fitting. This
conversion function 1.,,(P,) will be written into an auto-
matic power calibration program as the reference for power
calibration.

The output power of the laser diode 30 will decrease as
the temperature 1ncreases when operating under a constant
current, this will affect the accuracy of the conversion
function measurement. In practice, when the average output
power P __ of the laser diode 30 1s smaller than or equal to
a critical power value P, the thermal effect can be 1ignored.
Therefore, when the present invention measures the output
current of the front monitor diode 60 and the output power
conversion function I,,(P,) of the pickup head, it takes the
duty cycle control method (FIG. 4) to avoid the temperature
rise 1n the laser diode 30. AT, and AT, are determined so that
the laser diode 30 continuously outputs periodic pulses, with
the average output power smaller than or equal to P, to
measure the characteristics of the pickup head. The reason
for using continuous periodic pulses 1s to obtain statistically
meaningiul measurement results.

The optical information recording apparatus manufacturer
can casily set the values of the laser diode 30 conducting
time 1nterval AT, and the laser diode 30 closure time 1nterval
AT, according to experience, thus controlling the enable
inputs EN,, EN,,, and EN,; of the laser diode driving chip 20
so that the average output power of the laser diode 30 does
not exceed the critical value and the thermal effect can be
ignored 1n the whole pickup head characteristics measure-
ment range. A peak holder 1n the optical information record-
ing apparatus 1s employed to measure the peak current I,
corresponding to the output power peak P, of the pickup
head. One can also measure the output power average P__,
without using the peak holder. The output power peak P, can
be calculated as follows:

P,=P, x(AT+AT,)/AT,.

FIG. 5 1s a flow chart of automatic measuring specific
power control parameters K. according to the present
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invention, which 1s exactly the procedure for automatically
determining the conversion function X (I,.,,) of each power
control channel and the specific power control parameters
K.. First, input values are initialized (step 501) and the
optical information recording apparatus automatically mea-
sures the corresponding current I, (step 502). The X, in
cach step 1s controlled by the above-mentioned duty cycle
control method to avoid the temperature from rising in the
laser diode 30. The measurement 1s continued for several
cycles and the results are averaged (step 503). Curve fitting
1s then employed to obtain the specific power control
parameters X, and the transfer function X(Izpp) of 55
(step 504). This conversion function X{I;p;) is written into
optical information recording apparatus operating software
for calculating the specific parameter values K, (step 5085).

In effect, when the optical information recording appara-
tus adopts the optimal power calibration. Once the optimal
target power P, 1s obtained from the optical disc, one can
then get the needed specific parameter value K, using the
previously obtained conversion functions I.,,(P_,) and

X (Lepp):

1 1=jr FPD(P 1):

and
K1=X1(I1)-

I the laser diode driving chip 20 only has two sets of input
channels, then from the target power P, one can compute the
needed peak value P,+P, according to the specification of
the optical information recording apparatus. The corre-
sponding output current 1., of the front monitor diode 60
should be 1.,,(P;+P,), while the needed specific parameter
value K, can be computed as follows:

Ko=X,(Ippp(P1+P5))-X5(ppp(Py)).

Similarly,if the laser diode driving chip 20 contains N sets
of mnput channels, then the specific parameter K, for each set
of channel can be computed as follows:

K=X(IpppP1+Po+ . . . +P))-X(Ippp(P1+P>+ . . . +P;_;))

FIG. 6 shows the relation between the output power of the
pickup head and the 1nput of the optical information record-
ing apparatus. It shows that the range used 1n the present
invention has a linear relation.

The present 1mvention being thus described, 1t will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the present invention, and all such
modifications as would be obvious to one skilled 1n the art
are intended to be mncluded within the scope of the following
claims.

What 1s claimed 1is:

1. An automatic calibration method for the output power
of a pickup head for an optical information recording
apparatus, which comprises the steps of:

replacing the optical storage medium with an optical
power meter;

adjusting an 1nput value gradually and recording the
output current of a front monitor diode and the power
reading on the optical power meter;

building a conversion function of the input value, the
power reading and the output current using curve
fitting;

providing a plurality of specific power control parameters
automatically measured by a plurality of the same
model optical recording apparatuses; and
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providing the usage of each set of channel of the laser
diode driving chip of the optical storage medium pick
up head according to the plurality of specific power
control parameters.

2. The automatic calibration method of claim 1 further
comprising the step of controlling the output power of the
laser diode using the duty cycle method.

3. The automatic calibration method of claim 2, wherein
the step of controlling the output power of the laser diode
controls the average output power of the laser diode to be
smaller than or equal to a critical power value.

4. The automatic calibration method of claim 1, wherein
the power reading can be obtained through a peak holder.

S. The automatic calibration method of claim 1, wherein
the power reading can be obtained as follows:

P,=P, x(AT+AT,)/AT;

where P_  1s the average output power, P, 1s the peak output
power, AT, 1s the laser diode conducting time 1nterval, and
AT, 1s the laser diode closure time 1nterval.

6. The automatic calibration method of claim 5, wherein
AT,+AT, 1s determined to continuously output a plurality of
periodically modulating pulses so as to obtain statistically
meaningiul measurement results.

7. The automatic calibration method of claim 1, wherein
the conversion function contains the conversion between the
input value and the output current.

8. The automatic calibration method of claim 1, wherein
the conversion function contains the conversion between the
output current and the power reading.

9. The automatic calibration method of claim 1, wherein
the 1nput value further corresponds to an enable mnput.

10. An automatic calibration method for the output power
of a pickup head for an optical information recording
apparatus used for optical information recording apparatuses
of the same type to automatically measure the speciiic
parameter of each power control channel and to obtain the
optimal recording characteristics, which method comprises
the steps of:

replacing the optical storage medium with an optical
power meter;

adjusting an 1put value gradually and recording the
output current of a front monitor diode and the power
reading on the optical power meter:

building a first conversion function of the power reading
and the output current using curve fitting;

building a second conversion function of the output
current and the mput value using curve fitting;

providing a plurality of specific power control parameters
automatically measured by a plurality of the same
model optical recording apparatuss according to the
first and second conversion functions; and

providing the usage of each set of channel of the laser
diode driving chip of the optical storage medium pick
up head according to the plurality of specific power
control parameters.

11. The automatic calibration method of claim 10 further
comprising the step of controlling the output power of the
laser diode using the duty cycle method.

12. The automatic calibration method of claim 11,
wherein the step of controlling the output power of the laser
diode controls the average output power of the laser diode to
be smaller than or equal to a critical power value.

13. The automatic calibration method of claim 10,
wherein the power reading can be obtained through a peak

holder.
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14. The automatic calibration method of claim 10, plurality of periodically modulating pulses so as to obtain
wherein the power reading can be obtained as follows: statistically meaningful measurement results.

P, =F AT +AT)/AT . . . .
=P X (AT H+ATL)/AT; 16. The automatic calibration method of claim 10,
5

where P_, is the average output power, P, is the peak output wherein the mput value further corresponds to an enable

power, AT, 1s the laser diode conducting time interval, and Input.
AT, 1s the laser diode closure time 1interval.
15. The automatic calibration method of claim 14,
wherein AT,+AT, 1s determined to continuously output a %k k%
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